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Malaria still remains a major cause of mankind death globally in spite of a 
century of research. It is clear that, understanding and accurate measurement 
of malaria incidence as one of the most critical tropical diseases have 
significant role to control and prevent this lethal infection.Since the probability 
of P. knowlesizoonotic transmission to humanswas proven, the necessity of 
study on simian malaria parasites isincreasingly obvious.  
 
Simian malaria parasites are readily infectious to long-tailed (Macaca 
facsicularis) and pigtailed (Macaca nemestrina) monkeys. The chance of this 
pathogenic species switching to humans as their desired host is not ignorable 
due to theincrease of human populations in recent years, as well asecological 
alterations which are causedby pollution or deforestation. In fact macaques 
are preferred host for Anopheles mosquitoes but human may change this 
situation by alteration on the natural habitat of macaques and mosquitoes. 
 
In this study, the distribution of five Plasmodium species namely: P. knowlesi, 
P. inui, P. cynomolgi, P. fieldi and P. coatneyiamong the wild populations of M. 
fascicularisin six states in Peninsular Malaysia were determined using highly 
specific (nested-PCR) assays. The advantage of this method lies in its ability to 
detect very low numbers of parasites.  
 
Monkey blood samples provided by the Department of Wild Life and National 
Parks Malaysia (PERHILITAN) were collected on Flinders Technical 
Association cards (FTA cards). FTA cardsare strongly recommended for 
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collecting fluid samples for epidemiological studies particularly when 
sampling is being done in areas far from the main laboratory or during a long 
sampling trip. The prevalence of these  five simian Plasmodiumspecieswas 
determined in 13 different locations of Peninsular Malaysia.Geographic 
distribution of the collected samples provided by PERHILITAN ranged from 
Northwest [Penang (island), Penang (mainland) and Jerejak Island], West 
(Selangor, Perak), Southwest (Negeri Sembilan), East (Pahang) and 
Northeastern (Kelantan) of Peninsular Malaysia. DNA was extracted from the 
blood spots on FTA Cards. All five simian Plasmodium species were 
successfully detected using nested PCR assay. Among the five species, P. 
knowlesi had the highest prevalence (34.3%), followed by P. inui (33.2%),P. 
cynomolgi (27.9%), P. fieldi (27.6%) and P. coatneyi(16.6%). Co-infections of 
macaques with multiple species of Plasmodium parasites were also observed. 
Kelantan had the highest prevalencerate among the states for all five simian 
malaria species. The incidence rate of three Plasmodiums pecies which are P. 
inui, P. fieldiand P. knowlesi were higher than 50% among the samples obtained 
from this state.   
 
Twenty positive DNA samples with single infection of P. knowlesi(12 samples) 
andP.cynomolgi (8 samples)as well as 20 uninfected monkey DNA samples 
were chosen to investigate the genetic diversity of these parasites using 26 
different ISSR (inter simple sequence repeat)markers. 
 
A total of 103 ISSR loci for infected samples and 95 for uninfected samples 
were generated. The analyses of the infected and uninfected samples using 
ISSR markers confirmed the efficiency of both the markers and the clustering 
methods. By these methods, the samples not only were separated according to 
their geographical distribution, but the samples were grouped into two 
distinct clusters according to the species of the malaria parasite.  
 
Overall, this study shows the importance of research aboutmalaria parasite 
species which are infectious toM. fascicularis and the necessity of preventive 
and control plans to decrease the chance of host- switchoccurrence.Thisstudy 
also provides information for further investigations to design and develop 
diagnostic microsatellite markers for the macaques in the future. 
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Malaria masih kekal sebagai punca utama kematian manusia di seluruh dunia 
walaupun penyelidikan telah dijalankan selama seabad. Adalah jelas bahawa, 
pemahaman dan pengukuran yang lebih  tepat insiden penyakit malaria yang 
merupakan salah satu penyakit tropika yang paling kritikal mempunyai 
peranan signifikan untuk mengawal dan mencegah jangkitan maut ini. Oleh 
kerana kebarangkalian transmisi zoonotikP. knowlesi kepada manusia telah 
terbukti, keperluan kajian mengenaipasti parasit malaria monyet semakin 
ketara. 
 
Parasit malaria monyet boleh berjangkit  pada  kera ekor-panjang (Macaca 
facsicularis) dan kera berekor pusaran (Macacanemestrina). Kebarangkalian 
spesies patogenik ini menukar kepada manusia sebagai hos tidak boleh 
diabaikan disebabkan peningkatan populasi manusia dalam tahun-tahun 
kebelakangan ini, dan juga perubahan ekologi yang disebabkan oleh 
pencemaran atau penebangan hutan. Sebenarnya, monyet adalah hos utama 
untuk nyamuk Anopheles, tetapi manusia  boleh mengubahkan keadaan ini 
dengan perubahan pada habitat semula jadi monyet dan nyamuk. 
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Dalam kajian ini,distribusi lima spesies Plasmodium iaitu: P. knowlesi, P. inui, P. 
cynomolgi, P. fieldi dan P. coatneyidi kalangan populasi liar M. fascicularis di 
enam negeri di  Semenanjung Malaysia telah ditentukan dengan 
menggunakan ujian PCR-berperingkat spesifik. Kelebihan kaedah ini adalah 
pada keupayaannya untuk mengesan bilangan parasit yang amat rendah. 
 
Sampel darah monyet yang disediakan oleh Jabatan Hidupan Liar dan Taman 
Negara Malaysia (PERHILITAN) telah dikumpulkan pada kertas tapis kad 
FTA. Kad FTA amat disyorkan untuk mengambil sampel cecair untuk kajian 
epidemiologi, terutamanya apabila persampelandilakukan di kawasan-
kawasan jauh dari makmal atau semasa persampelan yang lama. Penularan 
lima spesies Plasmodium monyet ini telah ditentukan di 13 lokasi berlainan di 
Semenanjung Malaysia. Taburan geografi sampel yang disediakan oleh 
PERHILITAN adalah dari kawasan Barat Laut Pulau Pinang, Pulau Pinang 
(tanah besar), Pulau Jerejak, Barat (Selangor, Perak), Barat Daya (Negeri 
Sembilan), Timur (Pahang) dan Timur Laut (Kelantan) di Semenanjung 
Malaysia. DNA telah diekstrak daripada darah pada kad FTA.  Kesemua lima 
spesies Plasmodium monyet  telah berjaya dikesan menggunakan ujian PCR 
berperingkat. Antara lima spesies ini, P. knowlesi mempunyai kadar kejadian 
tertinggi (34.3%), diikuti oleh P. inui (33.2%), P. cynomolgi (27.9%), P. fieldi 
(27.6%) dan P. coatneyi (16.6%).  Jangkitan pelbagai species parasit  Plasmodium 
di dalam monyet juga diperhatikan. Kelantan mempunyai kadar kejadian 
tertinggi di kalangan negeri-negeri untuk semua lima spesies malaria monyet. 
Kadar  insiden tiga spesies,iaitu P. inui, P. fieldi dan P. knowlesi adalah lebih 
tinggi daripada 50% di kalangan sampel yang dikumpul daripada negeri ini.  
 
Dua puluh DNA sampel yang positif dengan jangkitan tunggal P. knowlesi(12 
sampel) dan P. cynomolgi(8 sampel) serta 20 sampel DNA monyet yang tidak 
dijangkiti telah dipilih untuk menyiasat kepelbagaian genetik parasit ini 
dengan menggunakan 26 penanda ISSR (Inter Simple Sequence Repeat)yang 
berbeza. Sejumlah 103 ISSR lokus bagi sampel yang dijangkiti dan 95 untuk 
sampel yang tidak dijangkiti telah dijana. Analisis sampel yang dijangkiti dan 
tidak dijangkiti menggunakan penanda ISSR telah mengesahkan kecekapan 
kedua-dua penanda dan kaedah kelompok. Dengan kaedah ini, sampel bukan 
sahaja telah diasingkan mengikut taburan geografi mereka, tetapi sampel-
sampel juga dikumpulkan ke dalam dua kelompok yang nyata 
sssssssmengikat spesies parasit malaria. 
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Secara keseluruhannya, kajian ini menunjukkan betapa pentingnya kajian 
spesies parasit malaria yang berupaya untuk menjangkiti M. fascicularis dan 
keperluan pencegahan dan rancangan kawalan untuk mengurangkan 
peluang penukaran hos berlaku. Kajian ini juga menyediakan maklumat 
untuk siasatan lanjut untuk mereka dan membangunkan penanda 
mikrosatelit diagnostik untuk monyet pada masa hadapan. 
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CHAPTER 1 
INTRODUCTION 
 
1.1 General Background 
 
In the midst of the last century it was believed to be the end of contagious 
diseases as a result of the development of several different drugs and vaccines 
(Fauci, 2001). Unfortunately this outlook has been proven wrong due to a 
variety of reasons, such as the failure to understand the evolutionary potential 
of parasites (generally described as including viruses, bacteria and eukaryotic 
micro- and macro parasites). For instance, visiting hospitals nowadays 
increases the risk of the acquisition of antibiotic-resistant infections (Peleg and 
Hooper, 2010). Recently, a totally drug-resistant tuberculosis has been 
recognized in India (Udwadia et al., 2012), and the emergence of resistance to 
the latest frontline anti malarial drugs has been proven in many areas 
(Cheeseman et al., 2012). Although the significant role of drugs and vaccines 
in the control of numerous infectious diseases are obvious, eradication has 
only succeeded in a few cases. It is concerning and quite surprising that the 
evolutionary considerations are not better integrated into biomedicine and 
control policies, given that infectious diseases are responsible for substantial 
morbidity and mortality of humans, wildlife, livestock and agricultural crops 
(WHO, 2013).  
 
The fast evolution of parasites makes them important to understand from the 
applied perspectives; which also makes them very interesting and helpful 
models for studying basic evolutionary processes. Several factors which make 
parasites capable of fast evolution: short generation times, large population 
sizes, considerable genetic and phenotypic variation that may be generated 
through sexual reproduction and variable mutation rates (Poulin, 2007; 
Stearns and Koella, 2007). Monitoring studies of malaria parasites among the 
long- tailed macaques (Macaca fascicularis) in Malaysia revealed that this 
species have the maximum prevalence of malaria compared to the other 
macaque species (Eyles, 1963). Long-tailed macaques (M. fascicularis) (Raffles, 
1821)  are generally distributed in mainland and insular Southeast Asia from 
21°N to 10°S latitude and from 92°E to 126°E longitude, covering the 
Philippines, Indonesia, Malaysia, Cambodia, Mauritius, Vietnam, Thailand, 
Myanmar, Singapore and Timor-Leste (Groves, 2001). After human and 
rhesus macaques, the long- tailed macaques have the third most wide-ranging 
geographical spread among primates (Fooden, 1995). 
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They used to live in the forests and near human habitations. Previous studies 
have found that this species of macaque is the natural host for  human 
Plasmodium knowlesi infection (Jeslyn et al., 2011). It is certainly necessary to 
determine the prevalence of simian malaria parasites in local macaques so that 
the risk of potential malaria hooknoses may be recognized. It is known that P. 
Knowlesi infection could be severe and fatal in humans (Cox-Singh et al., 2010; 
Galinski and Barnwell, 2009) while some other species of simian malaria 
parasites such as Plasmodium cynomolgi and Plasmodium inui, have now been 
proven to be infectious to humans too (Galinski and Barnwell, 2009). 
 
The record of the locally acquired P. knowlesi cases and the subsequent 
detection of P. knowlesi parasites in samples of local wild long- tailed macaques 
show a potential risk of zoonotic transmission of malaria infection in Malaysia 
(Tan et al., 2008).However, there is a need to screen for simian malaria parasites 
in more substantial populations of macaques, as only a small sample of 
macaques were tested formerly for the presence of this parasite. For a much 
better understanding on the prevalence of malaria disease in local macaques, 
it is preferable to collect samples from various geographical locations. This is 
to enabling the evaluation of the risk of zoonotic transmission of simian 
malaria parasites to the human population from the long tail monkey. Recent 
achievements in molecular methods, especially the polymerase chain reaction 
(PCR) enabled scientists to genotype malaria parasites directly from the 
patient’s blood samples without any prior in vitro culture needed. Molecular 
markers are efficient tools for genetic analyses, taxonomic classification, 
studying the phylogenetic relationship, as well as prognostic studies in 
different taxa (Valdiani et al., 2014).The inter-simple sequence repeats (ISSRs) 
can be useful and beneficial in this era. 
 
 
1.2 Hypothesis 
 
The long-tailed macaques are the biggest population of non-human primates 
in Malaysia. In addition to P. knowlesi, this species of macaques is also 
harboring P. cynomolgi, P. inui, P. fieldi and P. coatneyi(Coatney et al., 1971). 
However to-date, there has been no reports on the prevalence of simian 
malaria in peninsular Malaysia. Macaques as the natural hosts of P. knowlesi 
inhabit in various public nature parksnear to human population. Since most 
of the surveillance studies regard natural incidence of simian malaria had been 
conducted in Kapit Division of Sarawak, East Malaysian on the Borneo 
Island(Lee et al., 2011), This study will provide evidence to show the presence 
and ongoing transmission of malaria parasites among local macaques and 
answer the question if there is a need to be alarmed for the risk of the general 
population acquiring zoonotic malaria.In this thesis study of evolutionary 
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biology with tools from molecular biology will allow us to study macaque 
malaria parasites at both evolutionary and ecological aspects.  
 
 
1.3 Main objective 
 
The general objective of this project was to determine the prevalence of simian 
malaria parasites in the long-tailed macaques of Peninsular Malaysia. 
 
 
1.4 Specific objective 
 
2. To determine the incidence of five malaria parasites namely P. knowlesi, 
P. inui, P. cynomolgi, P. fieldi and P. coatneyi in samples of long- tailed 
macaque (M. fascicularis) from Peninsular Malaysia. 
 
3. To assess the genetic diversity using inter simple sequence repeat (ISSR) 
4. To compare the sensitivity and accuracy of direct nested - PCR method 
with standard nested – PCR method. 
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